###### Strengths and limitations of this study

-   This study used large sample size which permits more reliable estimations.

-   Multiple ethnic groups living in one city were investigated together using the same methodology.

-   Three cardiovascular disease (CVD) endpoints were combined ensuring more reliable results.

-   This study used self-reported data on CVD and sleep, which may be subject to recall bias.

-   Being a cross-sectional study, causal associations between short sleep and CVD could not be established.

Introduction {#s1}
============

Cardiovascular disease (CVD) ranks first as the leading cause of mortality across the globe. Previous studies have shown that CVD is higher in ethnic minority groups compared with host populations.[@R1] It is evident that known conventional risk factors of CVD do not entirely explain ethnic differences in prevalence CVD.[@R4] Therefore, it becomes necessary to identify novel modifiable risk factors, which may play a mediatory role in ethnic differences in CVD and may reduce the likely surge in the prevalence of CVD among various ethnic groups.

Several studies have shown that sleep may play a significant role in the pathogenesis and progression of cardiac and vascular diseases.[@R5] Studies conducted in Europe and USA have demonstrated that aberrant sleep duration was associated with increased risk of CVD risk factors including obesity,[@R6] diabetes,[@R7] hypertension[@R8] and dyslipidaemia.[@R9] Sleep may influence CVD through these risk factors and other factors.[@R11]

However, results from existing studies on the association between short sleep duration and CVD are contradictory.[@R12] For instance, while previous studies found that short sleep was associated with CVD such as stroke, myocardial infarction and coronary heart disease (CHD)[@R12], other studies indicate that short sleep was not associated with CHD[@R17] and stroke.[@R18] Only one of these studies extended their investigation by including several ethnic groups and the results suggested that short sleep was associated with CVD in Hispanic and African Americans and other ethnicities.[@R19]

In Europe, data on sleep duration and CVD are lacking and have not yet been explored among ethnic minority groups. The literature has shown that CVD risk factors are more common in these groups.[@R20] We have previously shown that in the Netherlands, several ethnic minority groups also experience shorter sleep duration compared with their host majority populations,[@R21] and the association between short sleep duration and CVD risk factors differed among the various ethnic groups.[@R22] Ethnic minority groups experience short sleep duration because they more frequently have a low socioeconomic status (education and occupation), are more frequently engaged in shift work[@R21] or have adverse living conditions such as crowding and stressful neighbourhood.[@R23] It is unclear whether association between short sleep and CVD vary among ethnic groups. Therefore, investigating the relationship between short sleep duration and CVD among various ethnic groups is relevant to provide additional insight on how short sleep is related to ethnic differences in CVD. This might be first, through well-known CVD risk factors, second, short sleep may also independently contribute to CVD and as such could be a novel target for the prevention of CVD among various ethnic groups (see research model presented in [figure 1](#F1){ref-type="fig"}).

![Research model by which short sleep and cardiovascular disease (CVD) risk factors may lead to CVD in various ethnic groups. (A) Short sleep, alongside cardiovascular disease risk factors may lead to cardiovascular disease. (B) Short sleep, independent of cardiovascular disease risk factors may lead to cardiovascular disease.](bmjopen-2017-017645f01){#F1}

Methods {#s2}
=======

Study population {#s2a}
----------------

The current study was based on baseline data from the HELIUS (Healthy Life in an Urban Setting) study. The aims and design of the HELIUS study have been described elsewhere,[@R24] and also the texts reproduce information already reported in our previous publications.[@R21] In brief, HELIUS is a large-scale cohort study on health and healthcare among different ethnic groups living in Amsterdam. The study includes individuals aged 18--70 years from the six major ethnic groups in Amsterdam (African-Surinamese, South-Asian Surinamese, Turkish, Moroccan, Ghanaian and Dutch origin) and focuses on three major disease categories: CVD, mental health and infectious diseases. Participants were randomly sampled from the municipal registers, stratified by ethnicity. All participants provided written informed consent.

Baseline data collection took place in 2011--2015. Data from both questionnaire and the physical examination were available in 22 165 participants. For current analyses, individuals with no data on sleep duration (n=345) as well as those sleeping \>9 hours per night (n=560) were excluded from the analysis. This resulted in a dataset of 21 260 participants, including 4495 Dutch, 2933 South-Asian Surinamese, 4039 African-Surinamese, 2181 Ghanaians, 3395 Turks, 3687 Moroccans, 228 Javanese-Surinamese origin, 255 other/unknown Surinamese origin and 47 other/unknown origin. Because of small sample size, the last three groups were excluded resulting in a final dataset of 20 730 participants.

Ethnicity {#s2b}
---------

Participant's ethnicity was defined according to the country of birth of the participant as well as that of his/her parents and self-report. Specifically, a participant was considered as of non-Dutch ethnic origin if he/she fulfils either of the following criteria: (1) he or she was born abroad and has at least one parent born abroad (first generation) or (2) he or she was born in the Netherlands but both his/her parents born abroad (second generation).[@R27] Of the Surinamese immigrants in the Netherlands, approximately 80% are either African or South-Asian origin. Both subgroups were classified according to self-reported ethnic origin. Participants were considered as of Dutch origin if the person and both parents were born in the Netherlands.

Sleep duration {#s2c}
--------------

Participants were asked to provide information on the average number of hours they usually sleep at night. Sleep duration was assessed using the item, 'How many hours do you sleep on average per night?' Short sleep was defined as having \<7 hours of sleep per night, according to National Sleep Foundation, American Academy of Sleep Medicine and Sleep Research Society, which recommend 7--9 hours as the basal sleep need for healthy adults.[@R28] We focused on short sleep only because in our previous study, we demonstrated that short sleep was the major problem for the ethnic minority groups[@R21] and because previous studies found that short sleep was more consistently related to CVD risk factors compared with long sleep.[@R29]

Cardiovascular disease {#s2d}
----------------------

The prevalence of CVD was assessed using the Rose Questionnaire on angina pectoris, intermittent claudication and possible myocardial infarction. The Rose Questionnaire has three parts. Part A includes questions of experience of pain or discomfort in the chest during exercise, walking fast or climbing stairs, and whether the pain stops or as the exercise or walking/running stops; and how long (\<10 or \>10 min) and the part of the body where pain was experienced. Part B includes questions of experience of severe chest pain lasting for half an hour or more and part C includes questions of experience of pains on either legs while walking uphill, or at ordinary pace, while standing still or sitting and exact location of the pain (calf/calves), and whether the pain disappear when stopped walking and how long (\<10 or \>10 min). Participants were classified as having angina pectoris, or possible myocardial infarction or intermittent claudication based on their responses to these questions according to Rose *et al*.[@R32]

Although Rose Questionnaire was not specifically validated for the ethnic groups in this study, it has been shown to work well in other validated studies with similar ethnic group as in our study.[@R33]

Other measurements {#s2e}
------------------

Weight (kilogram) and height (centimetre) were measured in duplicate in barefoot subjects wearing light clothes only. Waist circumference (centimetre) was measured twice using a tape measure at the level midway between the lowest rib margin and the iliac crest, and hip circumference (centimetre) was measured twice at the widest level over the trochanter major. Body mass index (BMI) was calculated as weight (kilogram) divided by height squared (squared metre) and waist to hip ratio (WHR) was calculated as waist circumference divided by hip circumference.

Blood pressure (BP) was measured in duplicate using a semiautomatic sphygmomanometer (Microlife WatchBP Home; Microlife AG, Switzerland) on the left arm in a seated position after the participant had seated for at least 5 min. Hypertension was defined as systolic BP ≥140 mm Hg, diastolic BP ≥90 mm Hg or being on BP-lowering medication or self-reported hypertension.

Fasting blood samples were taken to determine the concentration of glucose by spectrophotometry, using hexokinase as primary enzyme (Roche Diagnostics, Japan). Total cholesterol (TC), triglycerides (TG) and high-density lipoprotein cholesterol (HDL-C) were determined by colorimetric spectrophotometry (Roche Diagnostics). Low-density lipoprotein cholesterol (LDL-C) was calculated according to the Friedewald formula.[@R34] Type 2 diabetes was defined as increased fasting glucose ≥7 mmol/L or current use of glucose-lowering medication or self-reported diabetes. Dyslipidaemia was defined as TC \>6.22 mmol/L, or HDL-C \<1.04 mmol/L, or LDL-C \>4.14 mmol/L, or TG \>1.69 mmol/L[@R35] or use of lipid-lowering medication.

Educational level was determined using participant's highest level of education obtained (either in the Netherlands or in the country of origin). Participants were categorised into those who have never been to school or had elementary schooling only (first category), those with lower vocational schooling or lower secondary schooling (second category), those with intermediate vocational schooling or intermediate/higher secondary education schooling (third category) and those with higher vocational schooling or university (fourth category). For the current analyses, the first two categories were combined because of small numbers. Occupation was categorised into: elementary, lower, medium, higher and scientific levels depending on the type of work. Shift work was assessed with the item 'Do you work irregular hours including services during night hours' (yes/no).

Alcohol intake in the past 12 months (yes/no) and smoking status (yes/no/ex-smoker) were obtained by questionnaire. Habitual physical activity was measured using the SQUASH).[@R36] The SQUASH questions about multiple activities referring to a normal week in the past months. We categorised participants according to the Dutch guideline for physical activity by summing up the number of days per week for each moderate-intensity and high-intensity activity lasting at least 30 min. A total of ≥5 days resulted in participants being categorised as achieving the Dutch norm for physical activity.[@R36]

Data analysis {#s2f}
-------------

Baseline data were expressed as percentages, means or median. For the association of short sleep with CVD, we assessed interaction between short sleep and ethnicity on CVD. There was no significant interaction between short sleep and ethnicity. The analyses were performed in two steps. In the first step, the association of short sleep duration with prevalent CVD within each ethnic group was analysed using prevalence ratio(s) (PRs) with 95% CI, with adjustments for potential confounders (age and gender) and, additionally, conventional CVD risk factors. Although we considered the inclusion of other potential confounders such as depressive symptoms and socioeconomic status, we decided not to include these in the multivariate model, because of the risk of over adjustment. Depressive symptoms could also be considered as an intermediary factor in the causal pathway between sleep and CVD, whereas factors such as socioeconomic status and shift work are factors that drive the pattern of short sleep among ethnic groups. In the second step, comparisons of prevalent CVD between ethnic groups were performed with adjustments for age and gender (model 1). In order to assess the contribution of short sleep and conventional CVD risk factors to the ethnic differences in CVD, we subsequently added short sleep (model 2), CVD risk factor variables (hypertension, diabetes, BMI, WHR, dyslipidaemia, smoking, alcohol and physical activity; model 3) or both short sleep and CVD risk factors (model 4) to the regression models. The change in PR (percentage) before and after inclusion was used to assess the relative total contribution of short sleep and CVD risk factors to ethnic differences in CVD. By subtracting the changes in PR (percentage) of models 4 and 3, the contribution of short sleep independent of CVD risk factors was calculated for each ethnic minority group. This method of calculation has been used in the previous study.[@R37] All analyses were performed using STATA V.11.0. A P value of \<0.05 was considered as statistically significant.

Results {#s2g}
-------

### Characteristics of study population {#s2g1}

[Table 1](#T1){ref-type="table"} shows the characteristics of the study population by ethnic group. Moroccans and Turks were younger, had higher prevalence of CVD, lower educational levels, consumed less alcohol, less often achieved the physical activity norm and had a lower prevalence of hypertension as compared with the other ethnic origin groups. Similar to Turkish participants, South-Asian Surinamese also had higher prevalence of CVD than the other groups. Ghanaians also had lower educational levels than Dutch. All ethnic minority groups have lower occupational levels compared with Dutch. African-Surinamese and South-Asian Surinamese have higher prevalence of shift work compared with other ethnic groups. South-Asian Surinamese, African-Surinamese and Ghanaian participants had a lower mean sleep duration and higher prevalence of short sleep than Dutch, Turks and Moroccans. Dutch and South-Asian Surinamese had a lower mean BMI than the other ethnic groups, whereas mean WHR was higher in South-Asian Surinamese, Ghanaian and Turkish participants as compared with the other ethnic groups. The prevalence of depressive symptoms was higher in Turks, Moroccans and South-Asian Surinamese compared with other ethnic groups. The prevalence of hypertension and diabetes was higher in all ethnic minority groups, while lipid profile was more favourable for the ethnic minority groups, as compared with Dutch.

###### 

Characteristics of study population by ethnicity

  --------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
                                                        Dutch                 South-Asian Surinamese   African-Surinamese    Ghanaians             Turks                 Moroccans
  ----------------------------------------------------- --------------------- ------------------------ --------------------- --------------------- --------------------- ---------------------
  Age (years)                                           46.2 (45.7 to 46.6)   45.5 (45.0 to 46.0)      47.9 (47.6 to 48.3)   44.7 (44.3 to 45.2)   40.4 (39.9 to 40.8)   40.4 (40.0 to 40.8)

  Men (%)                                               45.8 (44.4 to 47.3)   45.3 (43.5 to 47.1)      39.0 (37.5 to 40.5)   39.4 (37.3 to 41.4)   45.4 (43.7 to 47.0)   38.9 (37.4 to 40.5)

  Sleep duration (hours)                                7.2 (7.21 to 7.27)    6.8 (6.70 to 6.81)       6.5 (6.49 to 6.58)    6.5 (6.38 to 6.55)    6.9 (6.92 to 7.04)    7.0 (6.99 to 7.09)

  Short sleep (% yes)                                   16.2 (15.1 to 17.2)   39.4 (37.6 to 41.1)      45.6 (44.0 to 47.1)   44.2 (42.2 to 46.3)   29.5 (27.9 to 30.9)   27.0 (25.6 to 28.4)

  Angina (% yes)                                        1.62 (1.25 to 1.99)   8.11 (7.12 to 9.10)      5.45 (4.75 to 6.15)   5.14 (4.21 to 6.06)   10.1 (9.09 to 11.1)   7.35 (6.51 to 8.19)

  Myocardial infarction\                                3.20 (2.69 to 3.72)   11.4 (10.3 to 12.6)      8.44 (7.58 to 9.30)   6.69 (5.64 to 7.74)   12.2 (11.1 to 13.3)   10.1 (9.14 to 11.1)
  (% yes)                                                                                                                                                                

  Intermittent claudication (% yes)                     0.24 (0.10 to 0.39)   0.89 (0.55 to 1.22)      1.02 (0.70 to 1.32)   1.51 (1.00 to 2.02)   1.24 (0.86 to 1.61)   0.87 (0.57 to 1.17)

  Prevalence CVD (%)                                    4.63 (4.01 to 5.24)   17.0 (15.6 to 18.3)      12.7 (11.7 to 13.7)   11.6 (10.3 to 12.9)   19.9 (18.6 to 21.3)   15.9 (14.7 to 17.0)

  Hypertension (% yes)                                  29.5 (28.2 to 30.9)   42.4 (40.6 to 44.2)      50.2 (48.7 to 51.7)   55.8 (53.4 to 57.9)   29.1 (27.6 to 30.4)   24.4 (22.9 to 25.7)

  Diabetes (% yes)                                      3.58 (3.03 to 4.12)   19.4 (17.9 to 20.8)      12.0 (11.0 to 13.0)   11.4 (10.1 to 12.8)   10.2 (9.14 to 11.2)   11.4 (10.3 to 12.4)

  BMI (kg/m^2^)                                         24.7 (24.6 to 24.9)   26.3 (26.1 to 26.5)      27.8 (27.6 to 28.0)   28.4 (28.2 to 28.6)   28.5 (28.3 to 28.7)   27.6 (27.4 to 27.7)

  WHR                                                   0.88 (0.87 to 0.88)   0.92 (0.92 to 0.93)      0.89 (0.89 to 0.90)   0.90 (0.90 to 0.91)   0.90 (0.90 to 0.91)   0.89 (0.89 to 0.90)

  Dyslipidaemia (% yes)                                 29.9 (28.5 to 31.2)   41.7 (39.9 to 43.4)      24.0 (22.7 to 25.3)   20.1 (18.4 to 21.7)   40.8 (39.1 to 42.4)   27.6 (26.1 to 29.0)

  TC\                                                   15.3 (14.2 to 16.3)   11.7 (10.5 to 12.8)      9.73 (8.82 to 10.6)   10.5 (9.21 to 11.8)   8.84 (7.89 to 9.79)   4.83 (4.14 to 5.52)
  \>6.22 mmol/L                                                                                                                                                          

  HDL-C\                                                9.77 (8.90 to 10.6)   22.9 (21.4 to 24.5)      11.0 (10.0 to 11.9)   6.75 (5.69 to 7.79)   26.5 (24.9 to 27.9)   18.7 (17.4 to 19.9)
  \<1.04 mmol/L                                                                                                                                                          

  LDL-C\                                                13.7 (12.7 to14.7)    14.3 (13.0 to 15.5)      10.5 (9.58 to 11.5)   10.6 (9.35 to 11.9)   10.1 (9.09 to 11.1)   5.86 (5.10 to 6.62)
  \>4.14 mmol/L                                                                                                                                                          

  TG\                                                   11.9 (10.9 to 12.8)   16.9 (15.5 to 18.2)      5.67 (4.96 to 6.38)   3.35 (2.59 to 4.10)   20.1 (18.8 to 21.5)   10.6 (9.59 to 11.6)
  \<1.69 mmol/L                                                                                                                                                          

  Depressive symptoms (%)                               6.99 (6.24 to 7.73)   18.4 (16.9 to 19.8)      10.6 (9.67 to 11.6)   9.08 (7.87 to 10.3)   22.8 (21.3 to 24.2)   20.3 (18.9 to 21.6)

  Education                                                                                                                                                              

   First and second category (%)                        17.3 (16.2 to 18.4)   47.8 (46.0 to 49.6)      40.8 (39.3 to 42.3)   68.0 (66.1 to 70.0)   55.9 (54.3 to 57.6)   48.7 (47.1 to 50.3)

   Third category (%)                                   21.7 (20.5 to 22.9)   29.0 (27.4 to 30.7)      35.9 (34.4 to 37.4)   25.6 (23.7 to 27.4)   28.7 (27.1 to 30.2)   33.3 (31.8 to 34.9)

   Fourth category (%)                                  60.9 (59.5 to 62.4)   23.2 (21.6 to 24.7)      23.2 (21.9 to 24.5)   6.37 (5.34 to 7.40)   15.4 (14.2 to 16.6)   17.9 (16.7 to 19.2)

  Occupation                                                                                                                                                             

   Elementary (%)                                       1.65 (1.27 to 2.02)   9.48 (8.42 to 10.5)      6.29 (5.54 to 7.04)   53.7 (51.6 to 55.8)   14.9 (13.7 to 16.1)   12.9 (11.9 to 14.0)

   Lower (%)                                            14.1 (13.1 to 15.1)   30.7 (29.0 to 32.3)      31.9 (30.4 to 33.3)   20.2 (18.5 to 21.8)   30.5 (28.9 to 32.1)   24.8 (23.4 to 26.2)

   Medium (%)                                           21.9 (20.7 to 23.2)   27.4 (25.8 to 29.0)      32.3 (30.9 to 33.8)   7.79 (6.67 to 8.92)   18.8 (17.5 to 20.1)   21.1 (19.8 to 22.3)

   Higher (%)                                           36.4 (35.0 to 37.8)   16.1 (14.8 to 17.5)      17.8 (16.6 to 19.0)   2.57 (1.90 to 3.23)   8.45 (7.52 to 9.39)   11.5 (10.5 to 12.5)

   Scientific (%)                                       19.9 (18.7 to 21.0)   4.67 (3.91 to 5.43)      2.62 (2.13 to 3.12)   0.87 (0.48 to 1.26)   3.21 (2.62 to 3.80)   2.36 (1.87 to 2.85)

   Shift work (%)                                       19.4 (18.2 to 20.5)   21.9 (20.4 to 23.4)      26.8 (25.4 to 28.1)   17.1 (15.5 to 18.7)   14.0 (12.9 to 15.2)   14.7 (13.6 to 15.9)

  Smoking status                                                                                                                                                         

   Never smoked (% yes)                                 37.1 (35.7 to 38.5)   57.9 (56.2 to 59.7)      48.9 (47.4 to 50.5)   86.7 (85.3 to 88.1)   47.4 (45.7 to 49.1)   73.9 (72.5 to 75.3)

   Ex-smoker (% yes)                                    38.1 (36.7 to 39.5)   13.7 (12.5 to 14.9)      19.3 (18.1 to 20.5)   8.30 (7.14 to 9.46)   18.3 (17.0 to 19.6)   12.7 (11.6 to 13.8)

   Current smoker (% yes)                               24.6 (23.4 to 25.9)   27.9 (26.3 to 29.6)      31.2 (29.8 to 32.7)   4.49 (3.62 to 5.36)   33.6 (32.0 to 35.2)   13.0 (11.9 to 14.1)

   Achieving Dutch norm for physical activity (% yes)   75.5 (74.3 to 76.8)   53.2 (51.4 to 54.9)      61.2 (59.7 to 62.7)   54.2 (52.1 to 56.3)   42.5 (40.8 to 44.2)   47.2 (45.6 to 48.8)

   Alcohol intake (% yes)                               91.2 (90.4 to 92.0)   56.7 (54.9 to 58.5)      68.8 (67.4 to 70.2)   48.1 (45.9 to 50.2)   22.9 (21.5 to 24.3)   7.18 (6.35 to 8.02)
  --------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

Data are presented as means and percentages with 95% CI.

BMI, body mass index; CVD, cardiovascular disease; HDL-C, high-density lipoprotein cholesterol; LDL-C, low-density lipoproptein cholesterol; TC, total cholesterol; TG, triglyceride; WHR, waist to hip ratio.

Association between short sleep duration and CVD {#s2h}
------------------------------------------------

[Figure 2](#F2){ref-type="fig"} shows the crude association between short sleep duration and the prevalence of CVD by ethnicity. The prevalence of CVD was consistently higher in short sleepers than among healthy sleepers in all ethnic groups. This association remained significant after adjustment for potential confounders and conventional CVD risk factors ([table 2](#T2){ref-type="table"}).

![Crude association between sleep duration and prevalence of CVD among ethnic groups in Amsterdam. CVD, cardiovascular disease.](bmjopen-2017-017645f02){#F2}

###### 

PRs for the relationship between sleep duration (short sleep vs healthy sleep) and the prevalence of CVD by ethnicity

  ------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
                Dutch,\                     South-Asian Surinamese, n=2933   African-Surinamese,\        Ghanaians,\                 Turks,\                     Moroccans,\
                n=4495                                                       n=4039                      n=2181                      n=3395                      n=3687
  ------------- --------------------------- -------------------------------- --------------------------- --------------------------- --------------------------- ---------------------------
  Short sleep                                                                                                                                                    

   Crude        2.05 (1.54 to 2.75)\*\*\*   1.67 (1.42 to 1.96)\*\*\*        1.52 (1.29 to 1.79)\*\*\*   1.46 (1.16 to 1.85)\*       1.56 (1.36 to 1.79)\*\*\*   1.44 (1.24 to 1.68)\*\*\*

   Model 1      1.84 (1.38 to 2.46)\*\*\*   1.59 (1.35 to 1.87)\*\*\*        1.56 (1.32 to 1.84)\*\*\*   1.54 (1.22 to 1.95)\*\*\*   1.51 (1.32 to 1.73)\*\*\*   1.39 (1.19 to 1.63)\*\*\*

   Model 2      1.62 (1.20 to 2.18)\*       1.53 (1.31 to 1.79)\*\*\*        1.51 (1.28 to 1.78)\*\*\*   1.55 (1.22 to 1.97)\*\*\*   1.46 (1.27 to 1.68)\*\*\*   1.41 (1.21 to 1.65)\*\*\*
  ------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

Model 1: adjusted for age and sex.

Model 2: adjusted for model 1 plus BMI, WHR, hypertension, diabetes, dyslipidaemia, smoking, alcohol consumption and physical activity.

\*P\<0.05; \*\*\*P\<0.001.

BMI, body mass index; CVD, cardiovascular disease; PRs, prevalence ratios; WHR, waist to hip ratio.

Contributions of short sleep duration to ethnic differences in the prevalence of CVD {#s2i}
------------------------------------------------------------------------------------

[Table 3](#T3){ref-type="table"} shows the ethnic differences in CVD, adjusting for short sleep and CVD risk factors separately and simultaneously. Model 1 shows the PRs for each of the ethnic groups adjusting for confounders (age and sex) only. For instance, South-Asian Surinamese were 3.69 times more likely than Dutch to have a CVD. Adjusting for short sleep as can be seen in model 2, the PRs reduced to 3.3. This implies that 14% of the increased prevalence can be explained by short sleep (model 2 compared with model 1: (3.69−3.31)/(3.69−1)×100%). The contribution of short sleep (model 2) was lower than that of the all conventional CVD risk factors (24%, model 3). This contribution of short sleep is the sum of the contribution through conventional risk factors and its independent contribution ([figure 1](#F1){ref-type="fig"}). The contribution of short sleep independent of CVD risk factors is indicated by the difference in PR reduction between models 3 and 4. That is, 10% (calculated as 34%−24%) is contributed by sleep independently of CVD risk factors, while in total, this was 14% (model 2). This implies that two-thirds of the total contribution of short sleep was independent of conventional CVD risk factors and one-third through these risk factors. Similarly, this applies to the other ethnic minority groups as shown in [table 3](#T3){ref-type="table"}. The independent contribution of short sleep was higher in African-Surinamese (15%) and Ghanaians (15%) compared with other ethnic groups ranging from 5% in Turkish to 10% in South-Asian Surinamese.

###### 

PRs for ethnic differences in prevalence CVD, adjusting for short sleep and CVD risk factors separately and simultaneously

  ---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
  Confounders\             Confounders+short sleep\    Confounders+CVD risk factors\   Confounders+short sleep, CVD risk factors\   Difference in (%) reduction between models 4 and 3                                         
  (model 1)                (model 2)                   (model 3)                       (model 4)                                                                                                                               
  ------------------------ --------------------------- ------------------------------- -------------------------------------------- ---------------------------------------------------- ---- --------------------------- ---- ----
  Dutch                    1.00                        1.00                                                                         1.00                                                      1.00                             

  South-Asian Surinamese   3.69 (3.16 to 4.31)\*\*\*   3.31 (2.83 to 3.87)\*\*\*       14                                           3.05 (2.59 to 3.59)\*\*\*                            24   2.78 (2.36 to 3.28)\*\*\*   34   10

  African-Surinamese       2.64 (2.26 to 3.08)\*\*\*   2.32 (1.98 to 2.72)\*\*\*       19                                           2.24 (1.91 to 2.63)\*\*\*                            24   2.00 (1.70 to 2.36)\*\*\*   39   15

  Ghanaians                2.54 (2.13 to 3.02)\*\*\*   2.23 (1.87 to 2.67)\*\*\*       20                                           2.24 (1.85 to 2.69)\*\*\*                            19   2.02 (1.67 to 2.43)\*\*\*   34   15

  Turks                    4.64 (4.00 to 5.39)\*\*\*   4.31 (3.71 to 5.00)\*\*\*       9                                            3.76 (3.18 to 4.45)\*\*\*                            24   3.57 (3.02 to 4.23)\*\*\*   29   5

  Moroccans                3.63 (3.12 to 4.22)\*\*\*   3.40 (2.92 to 3.96)\*\*\*       8                                            3.37 (2.84 to 4.00)\*\*\*                            10   3.23 (2.72 to 3.84)\*\*\*   15   5
  ---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

Model 1: confounders: adjusted for age and gender.

Model 2: adjusted for age, gender and short sleep.

Model 3: adjusted for age, gender and CVD risk factors.

Model 4: adjusted for age, gender, CVD risk factors and short sleep.

**\*\*\***P\<0.001.

†Contribution of short sleep: reduction in PRs (%) between model 1 and model 2.

‡Contribution of CVD risk factors: reduction in PRs (%) between model 1 and model 3.

§Contribution of both CVD risk factors and short sleep: reduction in PRs (%) between model 1and model 4.

¶Contribution of short sleep independent of CVD risk factors; difference in PRs reduction (%) between model 3 and model 4.

CVD, cardiovascular disease; PRs, prevalence ratios.

Discussion {#s3}
==========

In this study, we investigated the contribution of short sleep to ethnic inequalities in CVD prevalence and to what extent short sleep affects these inequalities, independent of conventional CVD risk factors. Our study findings indicate that compared with healthy sleep, short sleep duration was consistently associated with an increased prevalence of CVD in all ethnic groups. Short sleep contributed substantially to ethnic differences in the prevalence of CVD. In African-Surinamese and Ghanaians, the contribution of short sleep was almost comparable to the contribution of all conventional CVD risk factors combined. In addition, short sleep contributed mostly independent of these risk factors to ethnic inequalities in CVD. The independent contribution and total contribution of sleep were higher in African-Surinamese and Ghanaians than in South-Asian Surinamese, Turks and Moroccans.

Our study indicated that short sleep was consistently associated with CVD in all ethnic groups after adjustment for age, gender and also after conventional CVD risk factors. Amagai *et al* [@R12] and Meisinger *et al* [@R13] also demonstrated a higher risk of myocardial infarction in short sleepers compared with healthy sleepers. The Monitoring Project on Risk Factors and Chronic Diseases in the Netherlands (MORGEN) Study, investigating sleep duration and sleep quality in relation to 12-year CVD incidence,[@R14] alongside other studies,[@R15] also found that short sleep was associated with CVD. Our cross-sectional study results are thus consistent with these findings. In addition, our result concurs with a recent multiethnicity study, which found that short sleep was associated with prevalent CVD (angina, myocardial infarction and stroke) in Hispanics, African Americans and other ethnicities in the USA.[@R19] The influence of sleep on CVD is partly mediated through conventional risk factors, such as obesity. In particular, biological mechanisms involving endocrinological and metabolic functions have been proposed for the association between short sleep and CVD. Sleep deprivation may trigger inflammatory processes and activation of the sympathetic nervous system, increasing BP and cortisol levels, and impaired glucose tolerance,[@R38] and therefore may lead to an increased risk of CVD. It has also been suggested that short sleep promotes increased levels of ghrelin and reduced leptin levels, which are hormones involved in appetite and satiety regulation. Imbalance in these hormones increases food ingestion, leading to obesity.[@R43]

In the second part of our study that examined the contribution of short sleep to the ethnic differences in prevalence of CVD, we found that short sleep significantly accounted for ethnic differences in CVD prevalence, with most of the contribution being independent of known CVD risk factors. The independent contribution of short sleep was particularly marked in African-Surinamese, Ghanaian and South-Asian Surinamese (15%, 15% and 10%, respectively) compared with Turks and Moroccans (5% and 5%). The reason that short sleep contributed more in African-Surinamese, Ghanaian and South-Asian Surinamese than in Turks and Moroccans is likely to be due to higher prevalence of short sleep in these groups and its accompanying negative consequences compared with Turks and Moroccans. We noticed that large proportions of the difference in CVD between Dutch and ethnic minority groups were not explained by conventional CVD risk factors and short sleep, suggesting that other unmeasured factors may be at play.

The mechanism underlying the contribution of short sleep to differences in CVD prevalence independently of conventional CVD risk factors is not clear. However, the mechanism may be through allostatic load, involving the stress response system[@R11] or through depressive symptoms. Short sleep results in the activation of the neuroendocrine stress response leading to increased sympathetic activity[@R44] that involves sympathoadrenal system and the hypothalamic--pituitary--adrenal axis, which might also directly influence the risk of CVD. Although this is partly through CVD risk factors, it may also be independent of these risk factors. This activation results in increased levels of glucocorticoids, notably cortisol and catecholamine, which play an important role in regulation of energy balance and in cardiovascular function. Catecholamines can accelerate disease process through allostatic load when the activation lasts over a long period of time. According to this mechanism, disease manifest as a price, which the body pays for being forced to adapt to adverse psychosocial or physical situations. Allostatic load represents either the presence of too much stress or the inefficient operation of the stress hormone response system to adjust properly after the occurrence of the stressful event.[@R11] Future studies should further investigate other factors that may influence the mechanism of allostatic load in the contribution of short sleep to ethnic differences in CVD.

The strength of our study lies in the usage of large sample sizes, permitting more reliable estimations. Also, multiple ethnic groups living in one city were investigated together using the same methodology. In addition, three CVD endpoints were combined ensuring more reliable results. A limitation of the study is that we only used self-reported data on CVD and sleep, which may be subject to recall bias; hence, the participants may have under-reported or over-reported short sleep durations and CVD. Also, the conventional CVD risk factors (health behaviour) used in the study were measured only once, and therefore may not have been measured accurately. Stringhini *et al* [@R45] have demonstrated a larger contribution of health behaviour in explaining inequalities when health behaviours were measured longitudinally. Hence, once the measurements are followed up, a greater percentage of CVD may be explained. Being a cross-sectional study, causal associations between short sleep and CVD could not be established. Because important associations of short sleep and CVD were observed among the ethnic groups, further longitudinal studies are required among these populations. Furthermore, information on sleep quality, sleep hours during weekends and on daytime sleepiness, use of sleep hypnotics, antidepressant medications and insomnia, which may affect sleep duration, were lacking and should be considered in future studies. Also, sleep apnoea has been shown to be associated with CVD and cardiorespiratory problems,[@R46] and causes haemodynamic changes and significant sleep disturbances.[@R48] Sleep apnoea may confound the association between sleep duration and CVD. However, we did not investigate sleep apnoea in this study as we do not have the information in our dataset. We also note that inaccurate measures of conventional behaviour risk factors of CVD may affect the obtained results. In other words, residual confounding cannot be excluded and might have led to overestimating the independent contribution of sleep. Another important factor which may play a role in the association of sleep duration with CVD include genetics.[@R50] However, information on genetics was not available in our dataset and was not investigated. Despite the lack of data on these factors, we were still able to answer our key research question.

In conclusion, our study showed that short sleep duration was related to the prevalence of CVD across all ethnic groups, and short sleep, independent of conventional CVD risk factors, contributed significantly to ethnic differences in CVD. The findings might suggest that reducing sleep deprivation may be a relevant entry point for reducing increased CVD risks among the various ethnic minority groups.
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